A specterophotometric method for simultaneous determination of aniline and cyclohexylamine using principal component artificial neural networks is proposed. This method is based on the reactions involving aniline and/or cyclohexylamine, with bis(acetylacetoneethylendiamine)tributylphosphine cobalt(III) perchlorate as a complexing reagent. A nonionic surfactant, Triton X-100, was used for dissolving the complexes and intensifying the signals. The absorption data were based on the spectra registered in the range of 350 -550 nm. An artificial neural network consisting of three layers of nodes was trained by applying a back-propagation learning rule. Sigmoid transfer functions were used in the hidden and output layers to facilitate nonlinear calibration. The predictive ability of artificial neural networks was examined for the determination of aniline and cyclohexylamine in synthetic mixtures.
Introduction
Cyclohexylamine and aniline are the most common impurities in cyclamate samples and have been reported to be toxic. 1, 2 Cyclamates are sodium or calcium salts used especially as artificial sweeteners. According to the European Pharmacopeia, the maximum permissible concentrations of aniline and cyclohexylamine in tabletop sweeteners are 1 and 10 ppm, respectively. Owing to the toxicological significance of these amines in industrial dye wastes and pesticides, different methods have been reported for their simultaneous determination. 3, 4 Simultaneous determination of components in a mixture could be a difficult task, especially when characteristics of these components from analytical points of view are similar. On the other hand, simultaneous determination of coexisting species is a problem of analytical interest, so different methods have been developed. In recent years, attention has been directed toward chemometric methods for analysis of multicomponent systems because of fast data collection using rapid scanning specterophotometers.
In cases where the relationship between dependent and independent variables is nonlinear, several techniques have been adapted or created. These include locally weighted regression, 5 projection pursuit regression, 6 alternating conditional expectation, 7 multivariate adaptive regression splines, 8 fuzzy inductive system, 9,10 adaptive neuro fuzzy inductive system, 11 and artificial neural network (ANN). 12 The application of ANN in the field of multivariate calibration is less wide than that of the partial least squares (PLS) method. The major part of the application of ANN is related to voltammetry 13, 14 as well as kinetic analysis. [15] [16] [17] Application of ANN for the simultaneous determination by spectrophotometric methods has also been reported. 18, 19 Artificial neural networks (ANNs) have been successfully applied to the empirical modeling of various types of data without focusing on the actual mathematical relationships between the variables. A neural network is composed of an input layer, which contains the entry data, an output layer which usually contains the quantitative values, and one or several hidden layers of neurons which calculate the coefficients (weights) between inputs and outputs using transfer functions. In the calibration step, the network is usually trained by backpropagation using standard samples in order to adjust the weights and thereby minimize the error. Subsequently, in the prediction step, the network is used to make predictions on unknown samples. Principal component-artificial neural network (PC-ANN) was proposed by Gemperline et al. 20 in order to improve training speed and decrease the overall calibration error. In this method, the input data were subjected to principal component analysis (PCA) before being introduced into the neural network and the most significant principal component of the original data matrix were selected and used as ANNs input.
In this research, PC-ANNs have been successfully applied to simultaneous determination of aniline and cyclohexylamine, based on some laboratory-prepared Schiff-base complexes using bis(acetylacetoneethylendiamine). 21 
Experimental

Chemicals
Initial compounds for synthesis of the complex were cobalt(II) acetate [Co(OAc)2·4H2O], acethylacetone, ethylenediamine, tributhylphosphine (PBut3) from Aldrich and sodium perchlorate from Merck. Stock solutions (0.1 mol/l) of aniline (Fluka) and cyclohexylamine (Fluka) were prepared in water using triply distillated water. For preparation of the buffer solution, 0.69 g boric acid (Merck) was dissolved in 100 ml water; the pH of this solution was adjusted at 10 using a METROHM pH meter by dropwise addition of concentrated NaOH. All organic solvents used were from Merck.
Synthesis of the complex
The ligand bis(acetylacetoneethylendiamine), BAE, and the complex [Co(BAE)(PBu3)]ClO4·H2O were prepared according to a method described in the literature. 21 To a refluxing solution of BAE (2.01 mmol, 0.45 g) in methanol (70 ml), Co(OAc)2·4H2O (2.01 mmol, 0.5 g) and PBut3 (2.01 mmol, 0.5 ml) were added. The prepared Co(II) complex was oxidized by blowing air into the solution for 2 h and then the solution was filtered. To the filtrate, an appropriate amount of sodium perchlorate (0.3 g in 10 ml water) was added. The green crystals of bis(acetylacetoneethylendiamine)tributylphosphin cobalt(III) perchlorate, [Co(BAE)(PBu3)] were formed after 24 h. The crystals were washed with methanol and then recrystallized in acetone/ethanol, and finally were vacuum dried at 65˚C.
Instruments and software
A photodiode array Multi Spec 15001 Shimadzu with a 1-cm quartz cell was used for absorbance measurements. The spectra were registered in the range of 350 -550 nm at 1 nm intervals. The absorbance data were transformed into ACSII files. These spectra were so arranged as to obtain suitable files for MATLAB (version 5.3 for windows). The singular value decomposition (SVD) based on principal component analysis (PCA) was written in MATLAB. A back-propagation neural network having three layers was created with a Visual-Basic software package. An Intel Celeron 1100 MHz computer was used for data processing.
Recommended procedure
To a solution containing appropriate amounts of aniline and cyclohexylamine in a 10-ml volumetric flask, 2 ml of 0.5 M borate buffer (pH 10) and 3 ml of Triton X-100 (1% v/v in water) were added. The mixture was diluted to the mark with triply distilled water. Absorption data of this solution were transformed in MATLAB for performing PCA in order to determine the number of factors which are required as inputs for subsequent ANNs studies.
PC-ANN algorithm
The PC-ANN algorithm which was developed and was used in this study can be summarized as follows.
Step 1: 200 experimental data points based on absorption spectra were selected.
Step 2: PCA was used to assess the intrinsic dimensionality of the problem and to extract a linear combination. In the presented PCA, we started with a 25 × 200 correlation matrix. The dominant principal components (PCs) were used as variables for each sample.
Step 3: A feed-forward, back-propagation ANN was constructed to model the absorption-concentration relationship. The input vector was the set of absorption values for each sample in the series, as generated in step 2. The network was configured with one hidden layer of processing elements. The network was trained to reproduce the binding affinities by repetitive presentation of the set of input vectors in random order within each presentation of the entire set.
Results and Discussion
Bis(acetylacetoneethylendiamine)tributylphosphin cobalt(III) perchlorate, [Co(BAE)(PBu3)]ClO4, produces water-insoluble complexes with aniline and/or cyclohexylamine. A nonionic surfactant, Triton X-100, was used for dissolving the complexes and intensifying the signals. The absorption spectra of aniline and cyclohexylamine complexes were recorded, individually, in the wavelength range of 350 -550 nm. The maximum wavelengths, λmax, for aniline and cyclohexylamine were observed in 432 and 417 nm, respectively (Fig. 1) . The absorption spectra for the mixture of aniline and cyclohexylamine complexes are also shown in Fig. 1 .
For obtaining the dynamic concentration ranges of aniline and cyclohexylamine complexes, the absorbance versus concentration of each component was investigated. Dynamic concentration ranges for aniline and cyclohexylamine were found to be in the ranges of 3 -80 and 5 -100 µg ml -1 of the components, respectively. These ranges were required to be known for constructing the calibration set of data in ANN.
Optimization of experimental variables
To find the optimum pH for analysis of the mixture, absorbances of the complexes versus pH were measured individually, for aniline and cyclohexylamine complexes. As can be seen in Fig. 2 , the value of pH ≥ 10 could be appropriate, as both aniline and cyclohexylamine complexes show higher absorbances. Borate buffer was selected for adjusting pH at 10 due to its low chemical effect and absence of interference.
To find the optimum concentration of the Triton X-100, we measured the absorbance of each complex versus Triton X-100 concentration at pH 10 individually. The results are depicted in Fig. 3 . This shows that a concentration of ≥ 0.3% by volume of Triton X-100 in water was the optimum concentration.
Experimental design of the calibration matrix
A training set of 25 samples was taken ( Table 1 ). The concentration of aniline was varied between 3 -80 µg ml -1 , and that of cyclohexylamine was varied between 5 -100 µg ml -1 . The spectral range of 350 -550 nm, with 200 data points per spectrum, was selected as the spectral zone which gave the maximum spectral information for investigating the components of interest (Fig. 1) .
Optimization of networks variables
Feed-forward, back-propagation ANNs were developed using the Neural Visual-Basic software package. Network weights for a processing node which received an output from processing input were initially assigned random values between -1 and +1. A sigmoid transfer function generated the output of a neuron from the weighted sum of inputs belonged to the preceding (input) layer. In order to choose the optimum ANN model, different topological networks were conducted with different hidden units. The values of learning rate, momentum coefficient and the original values of weights and biases (Table  2) were tested in order to find the best performance, i.e. the quickest convergency between predicted and actual values.
Using the above model, a validation set which was built with 10 samples was predicted. The predicted concentrations versus actual concentrations are depicted in Fig. 4 for aniline and cyclohexylamine. Correlation coefficients of 0.9985 and 0.9991 were obtained for aniline and cyclohexylamine, respectively. Table 3 shows the statistical parameters for PC-ANNs model obtained at optimum experimental conditions. The root mean squares difference (RMSD), which is an indication of the average error in the analysis of each component, is defined as:
Statistical parameters
and the square of the correlation coefficient (r 2 ), which is an indication of the quality of fitting of all data points to a line, is given by:
where xi is the true concentration of the analyte in the sample i, ) and cyclohexylamine (15 µg ml -1 ) complexes at pH 10. xi is the predicted concentration of the analyte in the sample i, x is the mean of the true concentrations in the prediction set, and N is the total number of samples used in the prediction sets. The predictive ability of each method and each component can also be described in terms of the relative error of prediction (REP), which is the square root of the mean square of the error in prediction expressed as a percentage of the x¯:
Synthetic sample analysis For the evaluation of validation of the method, three tap water samples were spiked separately, with different mixtures of aniline and cyclohexylamine. The proposed PC-ANNs model was applied to determination of the analytes. The results shown in Table 4 indicate that the accuracies were satisfactory in all cases.
Interference study
The interference effects of several anions were studied. Chloride, nitrate, sulfate, tartarat and citrate ions did not interfere. A large amount of phosphate reduced the absorbance considerably. Among the different cations tested, Ca 2+ , Mg 2+ , Na + , K + , Cu 2+ , Fe 2+ , Pb 2+ , and Al 3+ did not interfere.
This study indicates that PC-ANN is capable of giving a satisfactory performance for simultaneous determination of aniline and cyclohexylamine. The simplification of the data set, obtained by using principal component analysis as a
preprocessing tool, was important to improve the data structure, eliminating correlations in the input set, reducing the net complexity and making the weight determination easier.
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